Patients with end-stage renal disease (ESRD) who are on hemodialysis have high risk of vascular diseases. Our study sought to examine whether angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin type 1 receptor blockers (ARBs) could reduce the frequencies of cardiovascular and cerebrovascular events in patients receiving hemodialysis using the medication possession ratio (MPR) method of analysis.
Introduction
Chronic kidney disease (CKD) and end-stage renal disease (ESRD) are global public health problems with increasing numbers of patients and poor prognoses in terms of morbidity and mortality. [1, 2] Taiwan has the highest incidence and prevalence rates of ESRD in the world, and the number of patients with ESRD increased rapidly following the launch of National Health Insurance in Taiwan. [3, 4] Patients with ESRD are at high risk of cardiovascular and cerebrovascular diseases, which are the leading causes of mortality among patients with ESRD. [5, 6] Independent of their effects on blood pressure, angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin type 1 receptor blockers (ARBs) improve outcomes and survival in patients with diabetes, congestive heart failure, and prior myocardial infarction and provide protection for patients with diabetic nephropathy against progression to ESRD. [7] [8] [9] [10] [11] [12] [13] [14] A previous observational study analyzed outcomes in patients with ESRD who were receiving hemodialysis and were started on therapy with an ACEIs, ARBs, or both, and compared the effects of ACEIs and ARBs on cardiovascular events. The method of analysis for this study was intention to treat, regardless of whether patients completed or changed their antihypertensive medication regimen. [15] The purpose of the present study was to examine whether ACEIs or ARBs could reduce the frequency of cardiovascular events in Asian patients with ESRD who were receiving hemodialysis, using the medication possession ratio (MPR) method to assess patient medication adherence.
Methods

Data sources
This was a retrospective cohort study, and that was using database from the National Health Insurance Research Database (NHIRD) in Taiwan population. NHIRD included information of ambulatory, outpatient, and hospital inpatient care. NHIRD also have dose, drug type, quantity, and dispensing date of prescription drugs, which was used in this study.
In this study, we extracted ESRD cases with dialysis were according to the International Classification of Disease, ninth revision (ICD-9) and catastrophic illness certificates. The certificate of ESRD on a catastrophic illness published by Ministry of Health and Welfare in Taiwan, which is evaluated by 2 nephrologists from the applying hospital, and rechecked documents according to administration of dialysis treatments routinely, and laboratory data indicating stage V or IV CKD. All applying information are checked by the other physician in Ministry of Health and Welfare before the certificate can be issued. The NHIRD data consisted of reidentified secondary data released to the public for research purposes in our study. This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-EXEMPT (I)-20170009).
Study sample
We selected ESRD patients with dialysis from catastrophic illness certificates given from 1997 to 2009. For catastrophic illness certificates, the cases of ESRD with dialysis were defined according to the ICD-9: 585 (CKD); 403.01, 403.11, and 403.91 (hypertensive heart and renal disease with renal failure); and 404.02, 404.03, 404.12, 404.13, 404.92, and 404.93 (hypertensive renal disease with renal failure). The date of firsttime dialysis was assigned as the index date. Among patients who had received dialysis after ESRD, we only included patients who had received dialysis for over 3 months. To avoid selection bias due to time limitation of database in this study, the last follow up time was December 31, 2009, in which can provide sufficient information through 2006. We extracted adult ESRD patients with dialysis between 1999 and 2006, with 3 years of available records in our database.
Drug use
Patients who were prescribed a standard dose of ACEI as one definite daily dose (DDD) or ARB once daily as one DDD, as determined by the number of claimed prescriptions within the follow-up time, were included. To decrease immortal-time bias and to include the same patients in our study, we only included patients whose first dose of ACEIs or ARBs was prescribed within 90 days before or after the index date. Moreover, we also excluded patients with <90 cumulative DDDs (cDDDs) within 90 days before and after the index date. All patients survived for at least 1 month after the index date. Patients were categorized as ACEIs/ARBs users and nonusers in our study. Patients with ACEIs/ARBs MPRs >80% during follow-up were categorized as ACEIs/ARBs adherence users. Furthermore, ACEIs/ARBs MPRs <80% during follow-up were classified as ACEIs/ARBs nonadherence in this study.
Patients diagnosed with stroke (ICD-9: 430-438), heart failure (ICD-9: 428) or myocardial infarction (ICD-9: 410) before the index date were excluded. Furthermore, we also excluded patients with missing information. The comorbidities were evaluated depend on 1 inpatient diagnosis code and 1 outpatient diagnosis code 2 years before the index date. Comorbidities included hyperlipidemia, hypertension, diabetes mellitus, malignancy, atrial fibrillation (AF), liver cirrhosis, chronic obstructive pulmonary disease (COPD), sleep apnea, thyroid disease, asthma, and peripheral vascular diseases (PVD). Hypertension was physician-diagnosed as a systolic blood pressure ≥140 mm Hg or treatment with antihypertensive medication. Dyslipidemia was defined as physician-diagnosed or treatment for elevated blood lipids. Diabetes was defined as physician-diagnosed or ongoing treatment of diabetes. [16, 17] The age, gender, geographical region, income, and urbanicity of study population were also evaluated at baseline. Patients were divided into low and high income groups according to annual income. Use of concomitant drugs was identified according to claimed prescriptions for 1 year before the index date These drugs included diuretics, betablockers, alpha-blockers, calcium channel blockers (CCBs), 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor (statin), antiplatelet drugs, proton pump inhibitors (PPI), vitamin K antagonists, and diabetes medication.
Outcomes
Primary outcomes and mortality were evaluated. Information about primary outcomes was coded on catastrophic illness certificates. Secondary outcomes included a composite endpoint of admission to hospital for IS (hemorrhagic stroke and ischemic stroke), acute myocardial infarction, and heart failure. Admission to hospital for secondary outcomes was depended on the primary or secondary diagnoses (ICD-9). These outcomes were estimated separately over time. The methods for determining stroke, the protocols regarding drug administration, and the diagnostic procedures related to complications utilized in this study were validated in a previous study. [18] 
Statistics
The hazard of vascular disease (primary and secondary outcome) of ACEIs/ARBs was examined in ESRD patients who underwent dialysis during a 10-year follow-up. We characterized ACEIs/ ARBs nonusers and ACEIs/ARBs users as ACEIs/ARBs-adherent and ACEIs/ARBs-nonadherent, and these groups were stratified according to MPR ≥80% and by age, gender, demographic characteristics, comorbidities, and medication use at baseline. Each case was followed-up until the first occurrence of one of the outcome measures or until the end of the follow-up period. All cases in which none of the outcomes had occurred by the end of follow-up (December 31, 2009) were defined as censored. All data are expressed as frequencies (percentages) and the means ± standard deviations (SDs). The P-value <0.05 was defined as statistical significance in this study.
A Cox proportional hazards model was used to evaluate the association of outcomes with ACEI/ARB use during follow-up. Univariate and multivariate models were used to estimate hazard ratios (HRs) in the Cox proportional hazards model to assess the differences in primary and secondary outcomes between ACEIs/ ARBs-adherent and nonuser groups, and between ACEIs/ARBsnonadherent and nonuser groups, in follow-up time. We adjusted for demographic characteristics, comorbidities, and other medications in Cox proportional hazards model. Because outcomes may have been influenced by interactions between diseases (diabetes mellitus and hyperlipidemia) and use of treatment medications (statins and diabetes medication), the interactions also were examined in Cox proportional hazards model. Kaplan-Meier method was used to present event rates and time-to-event curves for the primary and secondary outcomes in each group. We used SAS ver. 9.4 (SAS Institute, Inc., Cary, NC) to analysis and process in this study.
Results
In this study, a total of 119,120 patients with ESRD, aged more than 18 years, who received hemodialysis therapy from 1997 to 2009 were analyzed; we excluded patients with a dialysis duration less than 3 months. Figure 1 presents the flowchart of study inclusion. The first day of hemodialysis is listed as the index date; index dates after December 31, 2006 and before January 1, 1999 were excluded. Of the remaining subjects, 7625 patients were never prescribed ACEIs/ARBs within 2 years before the date of hemodialysis and during the follow-up period. There are 7820 patients who used ACEIs/ARBs for more than 3 months in a period ranging from 3 months before to 3 months after the index date. During the study period, only 9.58% of patients (749 of the 7820 cases) qualified as adherent, with a MPR greater than 0.80, and 7071 patients were ACEIs/ARBs nonadherent. The basic demographics of patients with ESRD who underwent hemodialysis stratified by use of and adherence to ACEIs/ ARBs regimens are summarized in Table 1 . As illustrated in Table 1 , compared to the adherent group, the nonuser group was older, with a mean age of 60.9; predominantly female; and exhibited greater incidence of malignancy, COPD, liver cirrhosis and asthma. Compared to nonusers, the adherent group exhibited greater incidence of diabetes, hyperlipidemia, and hypertension. The rates of diuretics, beta-blockers, CCBs, alphablockers, statins, antiplatelet drugs, and warfarin use were also higher in the adherent group. For the patients in the nonadherent group, the incidence of diabetes, hyperlipidemia, and hypertension were greater than those of the patients in the nonuser group, but lower than those in the adherent group.
The outcomes of patients with ESRD who underwent hemodialysis are summarized in Table 2 . The primary outcome was all-cause mortality, and secondary outcomes included myocardial infarction, ischemic stroke, hemorrhage stroke, and congestive heart failure. As shown in Table 3 illustrates the Cox proportional-hazard model that was used to adjust for potential confounders in predictions of all-cause mortality, ischemic stroke, and myocardial infarction. Compared to nonusers, the HRs for all-cause mortality in the nonadherent and adherent groups were 0.815 (95% CI: 0.768-0.864) and 0.988 (0.861-1.134), respectively. As illustrated in Table 3 , both nonadherence and adherence to ACEIs/ARBs treatment were associated with increased risk of ischemic stroke or myocardial infarction. Compared with nonusers, the nonadherent group exhibited a 62% increase in the risk of ischemic stroke, and the adherent group exhibited a 78% increase in the risk of ischemic stroke. Furthermore, ACEIs/ARBs users among the hemodialysis patients also exhibited increased risk of myocardial infarction (HRs of 1.747 in the nonadherent group and 2.685 in the adherent group). ACE = angiotensin converting enzyme, ARB = angiotensin receptor blocker, CCB = calcium channel blocker, CCB = calcium channel blockers, COPD = chronic obstructive pulmonary disease, ESRD = end-stage renal disease, PPI = proton pump inhibitors, PVD = peripheral vascular diseases, SD = standard deviation.
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Kaplan-Meier analysis in Fig. 2 showed a significant difference in survival rates between nonadherent (P < 0.0001) with nonusers and adherent groups (P = 0.007) with nonusers. However, there is no significant difference in survival rates between nonadherent and adherent groups (P = 0.5485). Furthermore, from Fig. 3 , Kaplan-Meier analysis showed there were lower survival rate in ischemic stroke between nonadherence (P < 0.0001) with nonusers and adherence (P < 0.0001) with nonusers. It did not show similar result of lower survival rate in ischemic stroke between nonadherent and adherent groups (P = 0.7423).
Discussion
In this nationwide cohort study involving retrospective analysis of a claims database, we showed that the incidence of myocardial infarction, ischemic stroke, hemorrhagic stroke, and congestive heart failure was higher in patients with ESRD who received hemodialysis and had ever used ACEIs/ARBs compared with a group of patients who had never used these drugs. ACEIs/ARBs were associated with reduced all-cause mortality compared with nonusers who received hemodialysis, but the same pattern was not observed for cardiovascular events. Our analyses showed that ACEIs/ARBs may increase the incidence of cerebral vascular accidents and cardiovascular disease in ESRD patients receiving hemodialysis.
The major strength of our study is that the data were from a real-world setting in an Asian population. This is the first study that was designed to include information about adherence to ACEIs/ARBs in hemodialysis patients via the use of MPRs, and it revealed a low rate of adherence to the use of ACEIs among patients with hemodialysis. The low adherence rates to ACEIs/ ARBs in hemodialysis patients in Taiwan, which has a high incidence and prevalence of ESRD, may be a problem for effective treatment of cardiovascular disease.
Nonadherence in patients taking medication is a major concern. Many direct and indirect methods are available to assess medication adherence. MPR is a noninvasive, pharmacybased measure of medication adherence that allows for the examination of large amounts of data. MPR evaluates the percentage of time that a patient has access to medication. [19] MPR is a useful and easy to use tool for detecting adherence, and it can identify patients' needs and improve medication adherence. [20] Despite proportion of days covered (PDC) provides more current estimate of medication adherence than MPR, when multiple medications are intended to be used concomitantly. However, in our study, patients are not intended to use ACEI and ARB concomitantly and there is no difference of results between MPR and PDC in each outcome.
Only a limited number of studies have investigated MPR in patients with CKD, and no studies have investigated MPR for hemodialysis patients. A previous study assessed the efficacy and safety of ACEI or ARB use in dialysis patients from similar population. From this study, despite of the mortality was lower in patients who did not use an ACEI/ARB than users, the other CV events still were inconsistent. Furthermore, the authors compare different exposure time to no-users, they did not consider dose or MPR as factor in their study. [15] Otherwise, a previous study evaluated whether adherence to hypertension therapy among patients newly treated for hypertension reduces the risk of ESRD. This study revealed that an MPR ≥80% in a newly diagnosed hypertensive population is associated with a 33% reduction in risk of ESRD onset. [21] A previous study revealed that ACE inhibitor use was lower (50% MPR) in patients with CKD and coronary heart disease events, and CCB use was higher (47% MPR) compared with non-CKD populations (58% MPR for ACEIs and 38% MPRs for CCBs). [22] In our study, hemodialysis patients exhibited a low level of adherence to treatment with ACEIs/ARBs, and less than 10% of patients met criteria for good adherence (MPR ≥80%). In our population, diuretics and alphablockers were prescribed more frequently than CCB and betablockers. Diuretics are frequently used in patients with CKD to control extracellular fluid volume expansion and blood pressure. Alpha-blockers are usually prescribed after other medicines have been tried because of their uncommon side effects and relief from prostatic hyperplasia symptoms. CCBs also have few side effects and were broadly used in patients with ESRD in our study population. Table 3 Adjusted hazard ratios for factors associated with the risk of ischemic stroke, myocardial infarction, and primary outcome in follow-up period. A retrospective study using a database from a medical center [23] revealed that one-third of CKD patients exhibit poor medical adherence (MPR <80%) to antihypertensive agents. This study focused on patients with CKD and not ESRD. Moreover, medication adherence in this study included all types of antihypertension medications, whereas our report provides detailed insight into adherence to ACEIs/ARBs, cardiovascular events and some of the important factors that may affect medication adherence. Low adherence rates to medication among patients with cardiovascular diseases are common. The magnitude of drug nonadherence varies according to the method of measurement, the population studied and the specific medications assessed. [24] There are many reasons, both intentional and unintentional, for poor medication adherence. There are 5 reasons of for nonadherence, including health system, disease condition, patient factors, reasons for therapy (i.e., complexity of regimen and medication side effects), and socioeconomic reasons. [24] In our study group, patients with multiple comorbidities needed to take more than one type of medication to control underlying disease. Otherwise, most nephrologists prescribed a B-complex vitamin along with folic acid and phosphorus binders for hemodialysis. The use of ACEIs and ARBs may result in adverse effects, which are more common in CKD and ESRD and including a decrease in glomerular filtration rate, hypotension, and hyperkalemia. These side effects can typically be managed by discontinuation of the agent and also result in poor adherence.
In a recent study, Kevin et al [15] found that there was no significant difference in the risk of cardiovascular, all-cause, or cerebrovascular mortality in patients receiving hemodialysis who were begun on an ARBs or ACEIs regimen, after adjusting for baseline covariates; they also found that there were no statistical interaction effects of patient characteristics on mortality. In their unadjusted models, initiation of an ARBs (vs an ACEIs) was associated with lower risk of cardiovascular death and death due to any cause but not with cerebrovascular mortality. Similar to their studies, our study revealed that allcause mortality was decreased in hemodialysis patients following adherent and nonadherent use of ACEIs/ARBs before adjusting for baseline covariates. However, the protective effect was not observed in the adherent group following adjustment for baseline covariates. In our analysis, the risk of myocardial infarction, ischemic or hemorrhagic stroke and congestive heart failure were higher in patients using ACEIs/ARBs, and these results were also noted after the adjustment. Kevin et al reported the risk of cardiovascular death, death from any cause and cerebrovascular death in chronic hemodialysis patient using ACEIs/ARBs, but these authors did not mention the risk of cardiovascular events or cerebrovascular accidents in this population. In a prospective, randomized clinical trial, 469 patients with hemodialysis received ARBs to control blood pressure. [25] This study found no significant difference in cardiovascular events or death between hemodialysis patients with hypertension who used ARBs and other antihypertensive medications. Although no significant difference was identified, the risk of ischemic stroke, hemorrhagic stroke, and myocardial infarction were slightly higher in the ARB group than the control group. One meta-analysis [26] revealed that ACEI treatment reduced stroke, nonfatal myocardial infarction, cardiovascular and total mortality in high-risk patients, whereas ARBs use only mildly reduced the risk of stroke. Another meta-analysis reported that ACEIs reduced all-cause mortality, cardiovascular mortality, and major cardiovascular events in patients with diabetes, whereas ARBs had no benefits on these outcomes. [27] These 2 studies revealed that ACEIs can reduce all-cause mortality and cardiovascular events in highrisk patients and patients with diabetes. Another study focused on hemodialysis patients [28] and used multivariable analysis to demonstrate that ACEIs and ARBs were not independently associated with a reduction in all-cause mortality or hospitalization for myocardial infarction, stroke, or heart failure. That study used an intention-to-treat approach to analyze a database and did not examine medication adherence. Our results were based on a "real-world" database, and we used MPRs to examine adherence. We found that ACEIs/ARBs may increase the risk of cardiovascular events and cerebrovascular accidents in patients on hemodialysis. These increases may have contributed to the high prevalence of comorbidities in the ACEIs/ARBs group, including diabetes, hyperlipidemia, and hypertension; these underlying diseases cause poor circulation.
There are several limitations to our study. As a retrospective observational analysis, this study only provides associative information. The exact temporal relationships between ACEIs/ ARBs use and cardiovascular events are difficult to ascertain with this retrospective design. However, we attempted to control for major known confounders and found an association between ACEIs/ARBs use and cardiovascular events in hemodialysis patients. Second, our data may carry the risk of potential disease misclassification bias, but the validity of diagnostic coding in the NHIRD has been proven. [29] Third, no laboratory data, such as blood pressure, serum cholesterol levels, blood glucose, or glycosylated hemoglobin fraction, were available to assess disease severity. However, we selected a nationwide database with clearly defined criteria, and our findings are generalizable to other Asian populations.
Finally, a large, definitive, randomized, double-blind trial of
